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Background: Hydrocarbon injection, which mostly occurs in the upper extremity, is commonly seen in
domestic and industrial accidents, or attempted suicide. Surgical approach to chemical cellulites and
other complications in these patients is controversial.
Method: This survey has been carried out on 21 patients admitted to general surgery unit of Loqman
Hakim hospital, Tehran, Iran with the complaint of hydrocarbon injection in 2001–2005.
Results: The most common injected material was petroleum (in 8 patients). Anterior forearm was the
most common injection site (in 16 patients). All of the patients had inﬂammation, swelling, and localized
tenderness. Leukocytosis was present in 18 of 21 patients. Compartment syndrome happened in 13
patients; 5 with necrotizing fasciitis. All of the patients with compartment syndrome underwent fas-
ciotomy and debridement. Split thickness skin graft was done for 10 patients after 2 weeks of admission.
There was no mortality or limb loss during the study period.
Conclusions: Prevention of the systemic complications, hospitalization, close monitoring and treatment
of chemical cellulites are the main parts of the management of patients with hydrocarbon injection.
Surgical intervention is recommended when compartment syndrome or other local complications occur.
 2009 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Ingestion and inhalation are the most common routes of
hydrocarbon intoxication. Injection of hydrocarbons is rarely
reported; however, it can cause signiﬁcant morbidities.1,2 Hydro-
carbons may be injected intravascularly (IV), subcutaneously (SC),
intradermally, or intramuscularly (IM), as an industrial accident or
a suicidal attempt.1–4 Self-burning, consumption of depilatory
agents, and plaster ingestion are bizarre shapes of suicide which
have been reported from our region.5–7 One of the strange ways of
suicide is hydrocarbon injection, which not only occurs in our
region but also has been reported from different countries.1–3
Reviewing literature shows that upper extremity is the most
common site of self-injection.1–3,8,9
Relevant scientiﬁc literature on the management of patients
with soft tissue injection of hydrocarbons is scarce. Herein, we2188607420,þ989121081073
gane).
ciates Ltd. Published by Elsevier Ltpresent our experience on surgical management of patients with
this problem.2. Methods
This study has been conducted by Shahid Beheshti University
of Medical Sciences and approved by the ethics committee
of this university. In this case series, we reviewed the registries of
21 patients with upper extremity hydrocarbon self-injection who
had been admitted to general surgery unit of Loqman Hakim,
a referral hospital located in southwest of Tehran, Iran, from
2001 to 2005.
Demographic parameters and the data related to the site of
injection (wrist, forearm, cubital, and arm), injection routes, kind
and amount of the injected substances, localized and systemic
clinical ﬁndings, history of organic disorders, psychiatric disorders
including addiction any previous suicidal attempt, and medical or
surgical management of these patients were collected.
Descriptive statistics were used to report our ﬁndings. Chi-
square, Pearson correlation and independent sample t-test were
used when appropriate.d. All rights reserved.
Table 2
Clinical ﬁndings in admitted patients with hydrocarbon injection in upper
extremities.
Symptoms and signs Frequency Percent
Pain and swelling 21 100
Localized tenderness 21 100
Erythema 17 81
Indurations 12 57
Decreased movement of limb 9 43
Fever 8 38
Tachycardia 8 38
Skin necrosis 5 24
Crepitation 2 10
Discharge 1 5
Paresthesia/paralysis 1 5
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Fifteen men and 6 women were studied. The average age of the
patients was 28 years (range: 16–85 years of age). Thirteen patients
were single, and 8 patients were married.
Fourteen patients had history of at least one psychiatric
disorder, severe medical problem, addiction, or previous unsuc-
cessful suicide attempt. From those, 6 patients had known history
of psychiatric disorders [4 with major depression, and 2 with
schizophrenia]; one patient was epileptic, and another one had
severe migraine; 7 patients were opium addicted (all of themwere
male); and 5 patients had a history of repeated suicidal attempt,
one of themwith re-injection of hydrocarbon at the same side of his
current injection.
The injected materials were all based on petroleum products
(e.g. gasoline, hydrocarbon insecticides), and the most common
injection site was anterior forearm (16 patients). Routes of injection
were subcutaneous, intramuscular and mixed (i.e. both of them) in
8, 10, and 3 patients, respectively. We did not have any patient with
intravenous injection (Table 1). The volume of injected substances
was variable between 1 and 30 ml (mean: 4.9; SEM: 1.3).
At the time of admission, all patients were complaining of pain
with swelling around the injection site. In physical examination
most of the patients had edema, erythema, bulla formation, indu-
rations, and localized tenderness (Table 2) (Fig. 1). Toxic thrombo-
phlebitis was detected in 2 of our patients.
All of the patients had normal blood biochemistry, liver function
tests, and serum electrolytes. Eighteen patients had leukocytosis
(white blood cell 10,000/ml) with increased polymorphonuclear
(PMN) cells. Tissue culture showed bacterial growth in 3 patients (2
patients with Staphylococcus aureus, and 1 patient with Entero-
coccus). Blood cultures were negative in all patients. All patients
had normal chest X-ray. X-rays of injection site in two patients
showed opaque density, related to halogenated hydrocarbons. No
foreign body or soft tissue gas was noted on the radiographs of the
affected extremities.
There was no statistical correlation between the volume of
injected substance and white blood cell count as well as clinical
ﬁndings, or white blood cell count and clinical ﬁndings. Moreover,
clinical ﬁndings did not relate to the site and route of injection.
All patients stayed in the hospital for at least 2 weeks, and
followed up for at least 6 months.
After admission and collecting samples for bacteriological
evaluations, for all patients prophylactic empiric regimen of cefa-
zolin and gentamycin was initiated. The affected extremities were
elevated and immobilized with long splint. Five patients did not
have previous vaccination for tetanus, therefore tetabulin and
tetanus toxoid were injected. For all patients, toxicological and
psychiatric consultations were requested.
Monitoring of injection site for local complications (e.g.
compartment syndrome) and monitoring for systemic complica-
tions were performed for all patients. Compartment syndrome
was detected in 13 patients. Five patients had necrotizing fasciitis
[with predominant myonecrosis in 2 patients]. All of them were
scheduled for urgent fasciotomy and debridement during 48 h ofTable 1
Site and route of injection in admitted patients with hydrocarbon injection in upper
extremities.
Injection site Subcutaneous Intramuscular Mixed
Wrist 3 – –
Forearm and wrist – 1 –
Anterior forearm 2 9 3
Forearm and abdominal wall 1 – –
Anterior arm 2 – –admission (Fig. 2). During further follow up, 10 patients with
compartment syndrome needed split thickness skin graft which
was done after 2 weeks of admission (Fig. 3). Three patients had
complete resolution without surgery.
Abscess formationwithout compartment syndromewas seen in
5 patients who were treated with abscess drainage.
No death, limb loss, or systemic complication (respiratory,
cardiovascular, or central neurological abnormalities) occurred in
our patients.
During 6-month follow up, patients with limitation of joint
movement (mostly in those patients with joint involvement) were
sent for hand therapy and rehabilitation. None of the patients come
to our clinic for further follow up, rather than 4 patients, 2 patients
with upper extremity deformity due to anterior forearm compart-
ment syndrome who underwent reconstructive surgery, one with
chronic forearm and hand edema who was managed conserva-
tively, and the other with chronic ankylosis of the elbow who
scheduled for further hand therapy and physiotherapy.4. Discussion
Hydrocarbons are organic molecules made up of carbon and
hydrogen atoms. They are either aliphatic or aromatic.2,10 Their
primary toxicity in biological systems is by solubilizing membrane
lipids and disrupting their integrity. Hydrocarbons dissolve the
lipid-richmembranes of themicrovasculature and act as a defatting
agent similar to liquefaction necrosis. The ability of hydrocarbons to
distribute along tissue planes, gives the injury similar characteris-
tics with necrotizing fasciitis. Fever and leukocytosis due to the
release of tissue mediators of inﬂammation occur, as the hydro-
carbon spreads through the soft tissues.1,2,10
Due to the availability, petroleum and hydrocarbon insecticides
were the most common injected substance in our patient.
In this study, 14 out of 21 patients (about 67%) had a history of at
least one psychiatric problem, opium addiction, or severe organic
diseases, as well as previous suicidal attempt. It is compatible with
literature on hydrocarbon injection which shows psychiatric
problems among these patients.1,2,8,9
Soft tissue injection of hydrocarbons may rarely results in
systemic toxicity.9 Although IV injection of hydrocarbons may
associate with major toxic CNS effects (e.g. seizures), and less
severe neurologic difﬁculties including euphoria, depression, leth-
argy, and drowsiness. The other systemic toxicity is respiratory
collapse.1 We did not have any patient with IV injection of these
materials. No systemic toxicity other than fever was present.
Initial clinical ﬁndingsmay not be consistent with the amount of
potential damage to the skin and underlying structures, which may
become apparent only on serial examination.2 The injection of the
hydrocarbon into the tissues can initially result pain, swelling, and
Fig. 1. Edema, erythema, bulla formation and indurations in 2 patients with hydrocarbon injection in (A) postero lateral Forearm and (B) anterior forearm.
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are suggestive for chemical cellulites. During the early course, fever
and leukocytosis may occur.1 Leukocytosis was present in 18 of 21
patients, 8 of them were febrile. As previous studies, our study
demonstrated that fever and leukocytosis do not relate to infec-
tion.1,2,4,11 Although only 3 of our patients developed infection,
several factors including compromised blood supply, presence of
microbes, and unsterile injection facilitate the occurrence of the
infection.4
Clinical ﬁndings such as crepitation, skin necrosis, neuro-
vascular abnormalities, and severe pain are predictors of compli-
cations in addition to chemical cellulites. In some cases, chemical
cellulites may become complicated by local problems such asFig. 2. Fasciotomy and debridment in patients with hydrocarbon injection in (compartment syndrome, chemical necrotizing fasciitis, myonec-
rosis, toxic thrombophlebitis, and abscess formation.1,2,8,9,12
As previous reports, in our study the most frequent complica-
tion which needed operation was anterior forearm compartment
syndrome. Inﬂammation, edema, necrosis, and vascular thrombosis
are the major causes of compartment syndrome.9,12
Despite microbial necrotizing fasciitis which is devasting and
progressive, in our study 5 patients had chemical necrotizing fas-
ciitis limited to affected area. The main mechanisms of chemical
necrotizing fasciitis and abscess formation are dissolution of lipid-
rich membranes of the microvasculature, spreading of hydrocar-
bons along tissue planes, and chemical component liquefaction.8
Chemical necrotizing fasciitis may have a more benign course thanA) wrist, (B) cubital fossa, (C) anterior forearm, and (D) posterior forearm.
Fig. 3. Split thickness skin graft in 2 patients with hydrocarbon injection. (A) Anterior forearm and (B) cubital fossa.
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may also be involved and causes myonecrosis.2 Within 1–2 weeks,
the affected areas may develop abscesses that require incision and
drainage, or surgical debridement of the necrotic tissue.1
Toxic thrombophlebitis can involve large proximal veins and
may result in deep venous thrombosis and/or venous edema that
may adversely affect healing. Rush et al.2 and Buchman et al.8
reported this complication, before. In our patients no systemic
toxicity was present. All cases had inﬂammation, swelling, and
cellulitis.
The ﬁrst step in the management of patients with soft tissue
injection of hydrocarbon is to prevent systemic side effects.9 The
second step is hospitalization for at least 48 h and treatment of
a chemical cellulitis. Elevation and immobilization of the affected
extremity besides intravenous antibiotics are the main part of
treatment. The former procedure reduces swelling and associated
pain.1 During hospitalization patients’ extremity should be moni-
tored for local complications. The diagnosis of local complications is
based on clinical ﬁndings, frequent assessment of the extremity’s
neurovascular status, and measurement of tissue compartment
pressure.
Most of our patients underwent surgical intervention during the
ﬁrst 48 h of admission. The indication for surgical interventions
was failing of conservative management, which manifested by
persistent fever, increasing leukocytosis, worsening pain, and/or
local complications.14,15
As halogenated hydrocarbons are generally radioopaque,
radiographs may prove the surgical margins. In these patients
radioopaque feature is an indication for surgical intervention.
The timing of surgical intervention for these patients is
controversial.1,2,8,9,16 Our experience suggests that early surgical
intervention is important. Delay in surgical intervention would
allow the noxious agent to cause much irreversible necrosis and
possible suppuration.9,12
Early surgical interventions consisted of adequate surgical
debridement, possible fasciotomy, and abscess drainage. In necro-
tizing fasciitis multiple debridements and fasciotomies may be
needed until granulation tissue develops. Split thickness skin graft
is the next step after appearance of healthy granulation tissue.12 Ten
of our patients had wide destructive wound who underwent split
thickness skin graft after 2 weeks of admission.
Hand therapy is critical in these patients to minimize contrac-
tures due to the ﬁbrosis and stiffness secondary to the tissue
necrosis.8
Psychiatric evaluation should be considered in patients espe-
cially for patients with history of suicidal attempt.
Long term follow up is necessary in patients with hydrocarbon
injection as they can manifest with upper extremity deformity dueto ﬁbrosis, neurological deﬁcit due to nerve entrapment or chronic
ischemia, problems in motions, or vascular insufﬁciencies with
chronic edema. Unfortunately, most of these patients do not come
for further follow up which can be due to their psychiatric prob-
lems. Therefore the statistic of 4 patients with chronic problems in
our study, who came after 6 months of primary follow up, cannot
show the real rate of chronic problems in patients with hydro-
carbon injection which is mainly due to miss to follow up.
In conclusion, management of patient with soft tissue injection
of hydrocarbon consists of systemic effect prevention, hospitaliza-
tion, close monitoring and treatment of chemical cellulites with
elevation and immobilization of the affected extremity besides
intravenous antibiotics. Early surgical intervention is necessary
when conservative management fails and/or local complications
occur. Late reconstructive surgery is crucial when we have a wide
denuded wound. Hand therapy and psychiatric evaluation are
critical in these patients.
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